We present a SOHO/SUMER spectral atlas in the 800-1250 Å range of a prominence and a Quiet Sun (QS) region observed in 1999. The atlas is produced for two separate areas of the prominence. The QS spectrum is used as a reference. This is the first prominence atlas obtained with high spectral resolution (≈0.044 Å). It provides information concerning more than 550 line profiles, in terms of position, total radiance, and FWHM, along with the ion identification. Forty new lines have been identified with respect to previously published spectra.
Introduction
The latest generation of high resolution and wide spectral range spectrographs, such as SUMER on board SOHO, has contributed to improving the knowledge of the UV and EUV emission of the solar atmosphere. Their data have also contributed to improving the quality of atomic physics calculations, and extending atomic databases (e.g. CHIANTI Young et al. 2003) . This also includes the identification of a large number of lines previously unknown (e.g. Landi et al. 2004; Bhatia & Landi 2003; Kink et al. 1997 Kink et al. , 1999 .
One of the important achievements of SUMER is the publication of spectral atlases for different solar features, with significant improvements over previous ones (e.g. Curdt et al. 1997; Feldman et al. 1997; Curdt et al. 2001 Curdt et al. , 2004 Parenti et al. 2004 , and references therein). The possibility of distinguishing the spectra of different features from the flux of the whole star is the great advantage of solar spectroscopy over its stellar counterpart. The spectrum of a solar structure represents its characteristic fingerprint and is essential for full comprehension of the plasma physics involved, as well as for comparisons to disk-integrated stellar spectra.
In this paper we present the first complete spectral atlas of a solar prominence in the range 800-1250 Å observed by SUMER. We also include a quiet Sun (QS) atlas obtained in the same spectral range. A few other atlases of prominences can be found in the literature, mainly obtained with Skylab (Noyes et al. 1972; Mariska et al. 1979; Moe et al. 1979) . The important improvement of the present work is the high spectral resolution which conveys information on the full line profile. Tables 1 and 2 are only available in electronic form at http://www.edpsciences.org A previous paper (Parenti et al. 2004 , hereafter Paper I) provided an introduction to this atlas. It gives details of the observations and describes preliminary analysis of the data. Parenti et al. (2005a) introduce the preliminary results of diagnostics based on these data. Here we present the full spectral atlas.
Observations
The prominence and the QS spectra we present here were obtained in October 1999 with the SOHO/SUMER instrument. SUMER is a high resolution spectrometer: 1 spatial resolution and 44 mÅ spectral resolution at 1100 Å. Two detectors covering slightly offset, but largely overlapping spectral ranges are available. In our case we used detector "A", which includes the range 780-1600 Å in the first order of grating diffraction, and 390-850 Å in the second order. The detector is a 1024×360 array whose central area is coated with KBr (potassium bromide) to increase the efficiency in the range 900-1500 Å. The flanking bare portions of the detector have reduced sensitivity in that range, but offer a good response to the λ < 900 Å second order light. This property was used to isolate the second order lines from the first. Additional details concerning the instrument and its capabilities can be found in Wilhelm et al. (1995 Wilhelm et al. ( , 1997 and Lemaire et al. (1997) .
For the observations, we used the REFSPEC program with a 0.3 × 120 arcsec 2 slit crossing the limb for the prominence, and 1 × 120 arcsec 2 in a separate series of intergrations near the disk center for the QS. Each exposure captured a spectral window of 40 Å with the central 20 Å recorded on the KBr portion of the detector. The full spectral range was covered by a series of windows overlapping by about 33 Å. Further details concerning the observations can be found in Table 1 To analyze the prominence, we selected two separate areas of the slit, identified as A_1 and A_2 in Paper I. This choice was guided by the presence of spatial intensity variations along the off-limb part of the slit, which could be due to different conditions of the local plasma. We return to this point later. The location of A_1 and A_2 are marked in Fig. 1 (also, Fig. 1 of Paper I). For the QS, we averaged the spectra over the full slit.
Figure 1 (top) gives an example of the image of the detector when looking at the prominence. We show here the H-Ly continuum head and part of the converging Lyman series. The solar disk is at the top of the image. The solar limb is situated at about pixel 60. The bright central part of the detector is the KBr section. The presence of the prominence on the off-limb portion of the image is marked by the emission in the H-Ly series. The non-uniform intensity decrease along the slit shows that the structure is filamented. In particular we draw attention to the dark section at about pixel 30, which is the location of the dataset A_1, as marked by the top white segment at the left corner of the image; the bottom segment marks the location of A_2. The nonuniformity of the prominence intensity is not present along all of the wavelength range, as we will discuss later. The spectra for this faint part of the image is plotted at the bottom of Fig. 1 . The parts of the detector having different sensitivities, can be recognized by the step in intensity in the H-Ly continuum.
Data processing
In Paper I we described the preliminary data analysis necessary to build the atlas. To summarize, we made a study to identify the level of stray light in the instrument and concluded that it was not an important effect. We performed the wavelength calibration independently for the QS and the prominence. This was accomplished by carefully selecting reference lines in each spectral window. Finally, we presented a sample of the atlas in the range 1005 Å-1050 Å, obtained by a multi-Gaussian linefitting analysis. To build the full atlas presented here, we followed the methods of analysis described in Paper I.
The full atlas
Figures 4-12 show the calibrated SUMER spectra for the QS and prominence. Most of them have been obtained from the KBr portion of the detector. Small sections of the full spectral range covered by the instrument fall in the "bare part" only, where we extracted a few other lines, such as O II 796.66 Å, the first line of our atlas. For this reason the left section of the bare detector has been included in Fig. 4 (top) . Because of its high intensity, the H-Lyα line can only be measured through an attenuator which strongly affects the instrumental profile. For this reason, it is not included in the atlas. The bright outer wings fall on the bare section, where their intensity is reduced enough to be safely recorded. These are shown in the last two frames of Fig. 11 . Here, we were able to extract few other lines. In Figs. 4-12 the QS spectrum is marked in black, the prominence A_1 in green and A_2 in purple. The radiance scale is appropriate for the first order. Lines identified and measured in these spectra are listed in Tables 1 and 2. In some of the frames of Figs. 4-12 one can see a wavelength shift between the QS and the prominence spectra, particularly at the sides of the window, where misalignments go in opposite directions. This is due to residual geometrical distortion of the detector images even after the standard correction was applied. Because the two datasets were taken using slits covering different heights on the detector ("top" for the QS and "center" for the prominence), the distortion is different. Generally the wavelength calibration helps in compensating for the residual distortion, but this was not the case for the Table 3 . Errors in the quantities (line position, intensity and FWHM) listed in Table 1 . These errors are obtained by calculating the σ of the distributions of the errors for each Gaussian parameter resulting from the fitting procedure. The three groups of errors refer to intense lines ("i"), lines blended ("b"), and faint lines ("w"), as listed in Table 1 . The last two columns give the total error for the line position and intensity. windows where we had difficulty in selecting reference lines (see Paper I). However, the effect is minimized because of the averaging adjacent spectral frames. In particular, the line parameters in Table 1 result from an average obtained over a given line positioned at opposite sides of the spectral window in two successive exposures. Table 1 is divided into four sections. The first provides the identified lines and the reference wavelength. The other three sections give the results of the profile-fitting for the QS and the two areas of the prominence, including the measured wavelength, the total radiance, and the FWHM. We marked adjacent lines with " * * " when blended. If a feature is the superposition of two unresolved lines, we indicate both of them. The label "2" indicates that the line is an unresolved multiplet. In this case the reference wavelength is for the most intense line of the multiplet. The " * " mark new identifications. Unidentified lines have a blank space in the first column.
In Table 1 we also marked " †" next to the radiance value for those lines which have a peak at the limit of 3σ of the background noise (see Paper I for details). There are very few of these weak lines in the QS spectra, but the number increases in the prominence data, particularly in the faint A_2 part. Only with further deeper exposures will we be able to confirm the reality of these lines. Table 2 provides additional information for the identified lines, including the transition, the maximum emission temperature, and the reference used for the identification. The temperature of maximum emission was derived from the CHIANTI v. 4.2 database. Fe III and Ni II are not included in this database, so we report the temperature of maximum ionization calculated by Mazzotta et al. (1998) . Table 3 provides errors estimated for the radiance, wavelength, and FWHM of the lines listed in Table 1 (see Paper I for details). The first three columns report the errors solely from the fitting procedure. The last two report the total errors for the wavelength and radiance, taking into account uncertainties in the respective calibrations of ±0.019 Å for wavelength and ±15% for radiometry (see Paper I).
The errors in Table 3 are reported for three general groups of features: "b" (blended), "i" (intense and isolated), and "w" (weak). The same nomenclature is used in Table 1 . A line is marked weak if the total counts in the feature are less than 10 for the QS and prominence A_1, and 5 for prominence A_2.
In Paper I we presented a similar table with the errors evaluated for a much narrower wavelength range. The table here shows some differences. First there is a decrease in the errors for the QS parameters with respect to Paper I. We attribute this to the increased number of lines included in the error calculation, thereby improving the statistics. Although that consideration also applies to the prominence datasets, we find, however, an increase in the errors with respect to Paper I. The fact that the present analysis is performed over a large dataset gives more confidence in the present results. In fact, that the error distribution for the prominence data reported in Paper I had a non-Gaussian distribution, in contrast to the present case.
The spectra
As pointed out in Paper I, the wavelength calibration was illdetermined in some parts of the spectra due to the absence of suitable reference lines: neutrals or low stages of ionization, sufficiently bright and not blended. These criteria were particularly difficult to satisfy in the H-Ly continuum and H-Ly series wavelengths.
Looking at the H-Ly continuum, one notices a change in the slope between the two parts of the prominence. This is a temporal effect due to the nonsimultaneity of the observations. At the beginning of the observation, prominence A_1 is slightly more intense than A_2 (top of Fig. 4 ). In the following frames, the spectra of the two sections superpose, and/or alternatively one has become more intense than the other. The change in strength between the two spectra becomes more important during the exposures when the H-Lyman continuum head data were taken. This is clearly visible in the third and fourth windows of Fig. 5 and first window of Fig. 6 , which show the A_2 spectra becoming more intense than A_1. The spectra of A_1 again become more intense than A_2 when the instrument was scanning around 950 Å (last window of Fig. 6 ). From there on, dataset A_1 remains dominant. The temporal variation of the spectra is more important for dataset A_1 than for A_2, with a maximum intensity variation at the H-Lyman continuum head of about 15% between one exposure and the next. Such a change may be caused by a variation in temperature, density, or line of sight structure at different moments of the observing sequence. The H-Ly series is bright in all datasets. As for the other lines in the QS spectra, the Lyman lines are wider than in the prominence. In contrast to the QS, in the prominence spectra we can recognize higher terms of the Lyman series, up to n = 21, much more clearly in the A_2 part, as shown in Fig. 2 . We found that for n greater than 4, the line can be represented well by a Gaussian profile. Because we are dealing with data accumulated over several spatial pixels on the detector, the averaging can suppress a reversal at line center otherwise present in a single pixel spectrum. We therefore examined the spectrum over single spatial pixels along the slit, and found that the faint part A_1 (see discussion above) contains a reversal of the line profile even for high n, such as reported in previous works (e.g. Aznar Cuadrado et al. 2003; Stellmacher et al. 2003) . We leave this point for a future detailed study.
In Fig. 2 we show an example of the H-Ly series in the prominence spectra with the Gaussian fits. Because the low n lines of the series have a non Gaussian profile, in Table 1 we report only their measured wavelength.
New line identifications
There are many lines in the solar spectrum which are not still identified. In the present datasets we have been able to obtain new identifications, primarily of faint lines from transitions in low stages of ionization.
A couple of Å away from the C III 977, we measure a faint line (979.163 Å in the QS) that was classed as "c" by Feldman et al. (1997) , i.e., having an intensity variation with the distance in the corona that resembles that of Mg VII. This line is blended with Fe III 979.032 Å, and it is difficult to recognize it in the QS. In our attempt to identify the line, we produced a plot of the peak intensity as a function of the pixel position along the slit for the nearby Fe III 979.032 Å and O I 979.2342 Å lines (Fig. 3) . The intensity profile of the unknown line is similar to those of the two ions. In particular, their maximum of intensity due to the limb brightening are close to each other. This is an indication that we are dealing with the emission of a cool line from the chromosphere or the low transition zone. It is possible that the line measured here is not the same as the one classified by Feldman et al. (1997) In the prominence A_1 spectra, the intense O III 833.742 Å appears asymmetric in one frame and wider than in the A_2 part in two successive frames. We suggest the presence of a weak blended line that we identify as the O III 833.71 Å from the transition 2s 2 2p 2 -2s 2p 3 . Another possible candidate is Fe III 833.532 Å (log(T ) = 4.4). We excluded this possibility because of the low temperature of the prominence. In our QS datasets, there are a large number of already visible Fe III lines, e.g., in a transition from the first level 3d 5 4p to the ground level 3d 6 , but which disappear in the prominence. For example, nearby Fe III 813.382 is expected to be 4 times stronger than 833.532 Å (Kelly 1987), but is not visible in the prominence. For O III we also identify a line at 962.423 Å from a transition between the excited levels 2s 2p 3 -2s 2 2p 3p.
Although quite blended, three weak Fe II lines were identified in the QS. They belong to the transitions 3d 5 4s 4p-3d 6 4s. A few N I lines also were identified. These are weak lines often visible only in the QS. They belong to transitions from the excited 2s 2 2p 2 3d/4d/6s levels to the 2s 2 2p 3 level.
Two S I lines are seen in the QS spectra belonging to 2s 2 3p 3 8s/9s-2s 2 3p 4 transitions.
Two lines of S IV have been identified belonging to transitions from the excited configuration 3s 3p 2 -3p 6 .
On the bare part of the detector and only for prominence spectra, we could identify the neutral helium 591.413 Å line in second order.
We identified a few C I lines belonging to the transitions from 2s 2 2p 4d/6d/10d to the ground 2s 2 2p 2 .
We are still uncertain about some identifications, so they are labeled with a question mark. 
Summary
We have presented here the first complete spectrum atlas of a prominence in the range 800-1250 Å. For comparison, we produced a similar atlas of the QS observed in the same epoch. We tabulate information on the profiles and total radiance for about 440 lines in the prominence and 550 lines in the QS. We also report new identifications of lines belonging to elements in low stages of ionization.
This large set of information is an important source to explore different plasma conditions, such as those in prominences and the QS. It is our intention to make further investigations using the atlas material. The H-Lyman emission and analysis of line profiles will be our primary focus (Parenti et al. 2005b ). Moreover, we plan to extend the atlas to 1600 Å (the full SUMER detector A spectral range).
Such an atlas can also be an important reference for comparing high resolution solar and stellar spectra, like those provided by HST/STIS (Judge et al. 2004; Ayres 2004) and FUSE (Redfield et al. 2003) . Table 1 . Results from the fitting procedure. The first two columns indicate the ion identified and its reference position. For each line observed, we report the measured position (λ obs in Å, third column QS, sixth, and ninth columns for A_1 and A_2), the radiance (I in mW m −2 sr −1 A −1 , fourth column for QS, seventh and tenth columns for A_1 and A_2), and the FWHM (Å, fifth column for QS, eighth and eleventh columns for A_1 and A_2). The "**" in the first column marks the blended lines. The symbol "/2" indicates a second order line, while the "(2)" is used for the unresolved doublet. The letters at the side of the observed position indicate the nature of the lines that were used to calculate the errors in the Gaussian parameters: "b" (blended lines), "i" (intense line), and "w" (weak line). The † at the side of the line intensity indicates that the central intensity is below 3σ of the background. See text for more details. 
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